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(54) VARIABLE VALVE SYSTEM DEVICE OF INTERNAL COMBUSTION ENGINE 

(57)Abstract 

PURPOSE: To prevent occurrence of large torque fluctuation as a 
plural number of variable valve system mechanisms are 
simultaneously switched over at the time when lubricating oil 
pressure is excessively lowered and tries to return its original state 
by spring force of a return spring. 

CONSTITUTION: A valve lift adjusting mechanism 40 switches a 
cam to drive a suction valve by connection or disconnection of a 
main locker arm and a sub locker arm to or from each other to a 
cam for low speed and a cam for high speed in accordance with a 
driving condition. A valve timing adjusting mechanism 70 delays or 
advances opening and closing time of the suction valve by relatively 
rotating a cam pulley 71 and a camshaft 72 synchronizing with a 
crankshaft These switchover is carried out by hydraulic pressure 
through hydraulic changeover valves 45, 79. Set hydraulic pressure 
corresponding to spring force of a return spring 38 is lower than set 
hydraulic pressure corresponding to spring force of a return spring 
74, and at the time when hydraulic pressure is lowered, the valve 
timing adjusting mechanism is first switched over. 
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(54) [Title of the Invention] Variable valve system of an internal combustion engine 

[Abstract] 

[Purpose] 

To prevent the occurrence of large torque fluctuation as a plural number of variable valve 
system devices are simultaneously switched over when the lubricating oil pressure is 
excessively lowered and an attempt is made to return its original state by the spring force 
of a return spring. 

[Constitution] 

A valve lift adjustment mechanism 40 switches a cam to drive a suction valve by the 
connection or disconnection of a main rocker arm and a sub rocker arm to or from each 
other, to a low speed cam and a high speed cam in accordance with driving conditions. A 
valve timing adjustment mechanism 70 delays or advances the opening and closing time of 
the suction valve by relatively rotating a cam pulley 71 and a camshaft 72 synchronized 
with a crankshaft. Switchover is accomplished by hydraulic pressure through hydraulic 
switchover valves 45 and 79. The former set the hydraulic pressure corresponding to the 
spring force of a return spring 38 to be lower than the latter set hydraulic pressure 
corresponding to the spring force of a return spring 74, and when the hydraulic pressure is 
lowered, the valve timing adjustment mechanism is first switched over. 

38... Re turn spring 

40... Valve lift adjustment mechanism 
45... Magnetic switchover valve 
51... Control unit 

70. . .Valve timing adjustment mechanism 

74. . . Return spring 

79. . .Magnetic switchover valve 

(Words under 51 -control unit) 

Engine Speed 
Load 



[Claims] 



What is claimed is- 

1. A variable valve system device of an internal combustion engine wherein the set 
hydraulic pressures corresponding to the spring force of the return spring are different 
from each other for a plural number of variable valve system devices, wherein the hydraulic 
pressure can be supplied under the same engine conditions in a plural number of variable 
valve system devices in a variable valve system device of an internal combustion engine 
comprising* 

a plural number of variable valve system device to change valve lift characteristics of a 
suction valve or exhaust valve in a continuous fashion or in a stepwise fashion in 
accordance with supply or discontinuation of the hydraulic pressure of an actuator having a 
return spring; 

a plural number of hydraulic pressure control valve individually controlling hydraulic 
pressure supply to the actuator of each variable valve system device* and 
a control means to output control signals to each hydraulic pressure control valve in 
accordance with engine driving conditions. 

2. The variable valve system device of the internal combustion engine of claim 1, wherein 
the set hydraulic pressure of a variable valve system in which the valve lift characteristics 
change in a continuous fashion, is designed to be higher than the set hydraulic pressure of 
a variable valve system device in which the valve lift characteristics change in a stepwise 
fashion. 

3. The variable valve system device of an internal combustion engine of claim 2, wherein 
switchover initiation hydraulic pressure of the variable valve system device in which the 
valve lift characteristics change in a continuous fashion, is designed to be higher than 
switchover completion hydraulic pressure of the variable valve system device in which the 
valve lift characteristics change in a stepwise fashion. 

4. The variable valve system device of an internal combustion engine of claim 2 or claim 3, 
wherein the variable valve system device in which the valve characteristics change in a 
continuous fashion comprises a valve timing adjustment mechanism to change the phase of 
a camshaft relative to a crankshaft, wherein the variable valve system device in which the 
valve characteristics change in a stepwise fashion comprises a valve lift adjustment 
mechanism to selectively transfer one of the lifts for a low speed cam or a high speed cam to 
the suction/exhaust valves. 

[Detailed Description of the Invention] 

[0001] 

[Field of the Invention] 

The present invention relates to a variable valve system device variably controlling the 
valve lift characteristics of a suction valve or exhaust valve (both valves being collectively 



described as suction/exhaust valves) of an internal combustion engine in accordance with 
engine driving conditions. 

[0002] 

[Description of the Related Art] 

The valve system device of an internal combustion engine normally lifts a cam to the 
suction/exhaust valves via a rocker arm or a swing arm to push and open the 
suction/exhaust valves biased to the closing direction by a valve spring. However, for 
example, preferable valve lift characteristics differ between the low speed region and the 
high speed region of an engine, and various types of variable valve system device capable of 
switching the valve lift characteristic in accordance with driving condition have been 
invented. One example is disclosed in Japanese Laid Open Patent Application 63*167016, 
where a low speed cam and a high speed cam having different profiles from each other are 
placed in parallel in a camshaft and a main rocker arm and a sub rocker arm that are 
individually interlocked to thereto are switched over to connect or disconnect when 
necessary. In general, the amount of cam lift and the length of valve closing of the high 
speed cam is set to be larger in comparison with that of the low speed cam. 

[0003] 

The variable valve system device utilizing a valve timing adjustment mechanism in which 
the valve timing delays or advances the opening and closing valve time of suction/exhaust 
valves by changing the phase of camshaft relative to a crankshaft has already been 
partially implemented. In such device, the shape of the valve lift characteristics does not 
change, but its major actuating angle (main crank angle between the opening time and the 
closing time) changes. 

[0004] 

In addition, a variable valve system device combining the former valve lift adjustment 
mechanism utilizing a cam switchover and the latter valve timing adjustment mechanism 
has been invented. By combining both mechanisms, the valve lift is to be greater and 
smaller, and at the same time the opening and closing time is variably controlled, making it 
further suitable for the requirements of the individual driving conditions. 

[0005] 

[Problems Overcome by the Invention] 

The variable valve system device utilizing the valve lift adjustment mechanism and valve 
timing adjustment mechanism normally is the hydraulic pressure driven type in which 
switchover is accomplished by supplying or discontinuing the lubricating oil pressure of an 
internal combustion engine to an actuator having a return spring. In short, it is designed 
so the when the hydraulic pressure is supplied, a plunger and the like moves against the 
return spring to switch over to the other side while the hydraulic pressure is 



discontinued, and the spring force of the return spring moves back the plunger and the like 
to return to its original state. 

[0006] 

When the temperature of lubricating oil is excessively hot to lower the viscosity of the 
lubricating oil, resulting in lowering the hydraulic pressure supplied to the actuator to 
switch an actuator in which the hydraulic pressure is supplied to its original state 
regardless of the control signal. 

[0007] 

In such a case, in an internal combustion engine having a plural number of valve lift 
adjustment mechanisms and valve timing adjustment mechanisms, large torque 
fluctuations occur overall when the variable valve system devices are simultaneously 
switched as the hydraulic pressure is lowered, creating discomfort to the driver. 

[0008] 

When the mechanism to change the valve lift characteristics in a stepwise fashion by 
switchover between the high speed cam and the low speed cam abruptly changes, the 
torque is bumped. 

[0009] 

In addition, there is the problem that when there are a plural number of the variable valve 
system devices and the hydraulic pressure supply is simultaneously initiated depending on 
driving condition, if the actuator operates to switch over at exactly the same time, the 
hydraulic pressure is temporally lowered, worsening the switchover response. 

[0010] 

[Problem resolution means] 

The present invention is a variable valve system device of an internal combustion engine 
wherein set hydraulic pressures corresponding to the spring force of the return spring are 
different from each other for a plural number of variable valve system devices in which the 
hydraulic pressure is supplied under the same engine conditions in a plural number of 
variable valve system devices, in a variable valve system device of an internal combustion 
engine comprising^ 

a plural number of variable valve system device to change valve lift characteristics of 
suction valve or exhaust valve in a continuous fashion or in a stepwise fashion in 
accordance with the supply or discontinuation of the hydraulic pressure of an actuator 
having a return spring; 

a plural number of hydraulic pressure control valve individually controlling the hydraulic 
pressure supply to the actuator of each variable valve system device; and 



a control means to output control signals to each hydraulic pressure control valve in 
accordance with engine driving conditions. 

[0011] 

The invention described in claim 2 is a variable valve system device of an internal 
combustion engine, wherein the set hydraulic pressure of a variable valve system device in 
which the valve lift characteristics change in a continuous fashion, is designed to be higher 
than the set hydraulic pressure of a variable valve system device in which the valve lift 
characteristics change in a stepwise fashion. 

[0012] 

In addition, the invention described in claims 3 is a variable valve system device of an 
internal combustion engine, wherein the switchover initiating hydraulic pressure of a 
variable valve system device in which the valve lift characteristics change in a continuous 
fashion, is designed to be higher than switchover termination hydraulic pressure of a 
variable valve system device in which the valve lift characteristics change in a stepwise 
fashion. 

[0013] 

As described in claim 4, the variable valve system device of an internal combustion engine 
is claimed in which the variable valve system device in which the valve characteristics 
change in a continuous fashion comprises a valve timing adjustment mechanism to change 
the phase of a camshaft relative to a crankshaft, whereas the variable valve system device 
in which the valve characteristics change in a stepwise fashion comprises a valve lift 
adjustment mechanism to selectively transfer one of the lifts for a low speed cam and a high 
speed cam to the suction/exhaust valves. 

[0014] 

[Operation] 

In the specification of claim 1, the lubricating oil pressure decreases while the hydraulic 
pressure is supplied to the actuator of each variable valve system device, the actuator 
switches back to its original state by the spring force of a return spring to change the valve 
lift characteristics regardless of a control signal. However, the settings corresponding to 
the spring force of a return spring at a plural number of actuator differ from each other, 
therefore the switchover to its original state during low hydraulic pressure occurs 
sequentially for each variable valve system device. In other words, as the hydraulic 
pressure decreases, a plural number of variable valve system devices are not 
simultaneously switched, but are rather switched sequentially to mitigate the torque 
change. 



[0015] 



Conversely, if a plural number of hydraulic pressure control valve are turned ON 
simultaneously when the hydraulic pressure is supplied in response to the changes in 
driving conditions, there is a difference in the time when each actuator is actually switched 
over and the temporal decrease of the hydraulic pressure is mitigated due to the differences 
in the set hydraulic pressures corresponding to the spring force of the return spring of each 
actuator. 

[0016] 

The invention described in claim 2 first switches the variable valve system device in which 
the valve lift characteristics change in a continuous fashion when the hydraulic pressure is 
lowered. Subsequently, the variable valve system device in which the valve lift 
characteristics changes in a stepwise manner. When the valve lift characteristics changes, 
the output of the internal combustion engine is lowered. Therefore if the decreased 
hydraulic pressure is derived from the increased hydraulic pressure, the hydraulic pressure 
is decreased during the first switchover of the variable valve system device to possibly 
recover the hydraulic pressure, by which if the hydraulic pressure recovers, switchover of 
the variable valve system device in which the valve lift characteristics change in a stepwise 
manner is avoided. 

[0017] 

Furthermore, the invention described in claim 3 initiates the switchover of the latter 
variable valve system device in which the valve lift characteristics change in a stepwise 
fashion when the switchover of the former variable valve system device in which the valve 
lift characteristic change in a continuous fashion is completed, the switchover being clearly 
separated. 

[0018] 

The valve timing adjustment mechanism described in claim 4 changes its valve lift 
characteristics in a stepwise manner by changing the phase of a camshaft relative to a 
crankshaft. On the other hand, the valve lift adjustment mechanism changes its valve lift 
characteristics in a stepwise fashion by selectively transferring one of the lifts for a low 
speed cam or a high speed cam to the suction/exhaust valves. 

[0019] 

[Embodiment] 

An embodiment of the present invention is described in detail hereafter, with reference to 
the drawings. 

[0020] 

FIG. 1 shows an embodiment of a variable valve system device having a valve lift 
adjustment mechanism 40 and a valve timing adjustment mechanism 70 as variable valve 
system devices on the side of a suction valve 9. 



[0021] 



The valve lift adjustment mechanism 40 is described first. As shown in FIG. 2 and FIG. 3, 
each cylinder has a main rocker arm 1 corresponding to a pair of suction valves 9. The 
rear end of the main rocker arm 1 is swingingly supported on a cylinder head 69 via a main 
rocker shaft 3 common to each cylinder. The tip of main rocker arm 1 is secured by an 
adjustment screw 10 touching the stem end of each suction valve 9 via a nut 11. 

[0022] 

In the main rocker arm 1, a roller 14 is rotatably supported on a shaft 13 via a needle 
bearing, and makes contact with low speed cam 21. 

[0023] 

The main rocker arm 1 is visibly almost rectangular in shape and a sub rocker arm 2 is 
placed at the opening formed parallel to the roller 14. The rear end of the sub rocker arm 
2 is connected to the main rocker arm 1 via a sub rocker shaft 16 in a relatively rotatable 
fashion. The sub rocker shaft 16 slidably fit into a hole 17 formed on the sub rocker arm 2 
while being pushed in a hole 17 formed on the main rocker arm 1. 

[0024] 

The sub rocker arm 2 does not have abut the suction valve 9, but as shown in ETC. 3, a cam 
follower member 23 slidingly contacting high speed cam 22 is circularly formed to be 
pushed out on the tip of the sub rocker arm 23 and a lost motion spring 25 to push the high 
speed cam 22 to the cam follower member 23 is placed between the bottom of the sub rocker 
arm 2. 

[0025] 

On the main rocker arm 1, a cylindrical concave portion 26 is located directly beneath the 
sub rocker arm 2 and is formed together while supporting the lost motion spring 25. The 
lower end of the lost motion spring 25 is seated at the bottom 26a of the concave potion 26 
and its upper end abuts against a convex portion 28 formed together with the sub rocker 
arm 2 via a retainer to fit to be slid into the concave portion 26. 

[0026] 

The low speed cam 21 and a high speed cam 22 are individually formed together with a 
common camshaft 72 and having different shapes (including similar shapes with different 
sizes) to satisfy the valve lift characteristics required at engine low speeds high speeds. In 
the present embodiment, as shown in FIG. 5, the high speed cam 22 has a profile in which 
both of the amounts of valve lift and actuating angle (opening valve length) are larger in 
comparison with those of the low speed cam 21. 



[0027] 



In order to connect both rocker arms 1 and 2 in a timely manner, plungers 33, 31, 34 are fit 
to slide over the main rocker arm 1 and the sub rocker arm 2. A hydraulic pressure path 
43 is connected behind of the plunger 33 as an actuator and a return spring 38 is arranged 
behind of the plunger 34 to spring back each plunger 33, 31, 34 to its original position 
against the hydraulic pressure. 

[0028] 

When the actuating hydraulic pressure derived from the hydraulic pressure path 43 is low, 
The plungers 33 and 31 individually remain on the sub rocker arm 2 and the main rocker 
arm 1 by spring force of the return spring 38 and both swing motions are not constrained; 
rather both are disconnected. On the other hand, when the actuating hydraulic pressure 
derived from the hydraulic pressure path 43 is increased, the plungers 33 and 31 compress 
the return spring 38 to slide over the main rocker arm 1 and the sub rocker arm 2 so that 
both swing as a unit. 

[0029] 

The hydraulic pressure path 43 is placed through the inside of the main rocker arm 1 and 
the main rocker shaft 3 so that discharging hydraulic pressure of an oil pump 57 is led via 
an electromagnetic switchover valve 45 only when a specified engine speed is achieved. 

[0030] 

The valve timing adjustment mechanism 70 is described next. The valve timing 
adjustment mechanism 70 is placed between the camshaft 72 and cam pulley 71 and is 
designed to change the opening and closing timing of the suction valve 9 by changing both 
phases in accordance with driving conditions. The cam pulley 71 receives the engine 
speed from a crankshaft (un-shown) via a timing belt 66. 

[0031] 

As shown in FIG. 4, a cylindrical inner housing 65 is fixed to the end of the camshaft via a 
bolt 64. A cylindrical outer housing 63 is rotatably fixed on the circumference of the inner 
housing 65 and the cam pulley 71 is formed on the outer housing 63 as a unit. 

[0032] 

A ring-shaped helical gear 73 is placed between the inner housing 65 and the outer housing 
63. A helical spline is individually formed on the inner circumference and the outer 
circumference of the helical gear 73 and each helical spline is geared to the outer 
circumference of the inner housing 65 or the inner circumference of the outer housing 63 so 
that when the helical gear 73 shifts to the axial direction, the inner housing 65 relatively 
rotates against the outer housing 63 to change a phase of the camshaft 72 against the cam 
pulley 71. 



[0033] 



A hydraulic pressure space 75 is sectioned between the inner housing 65 to be an actuator 
and the outer housing 63 and the helical gear 73. In addition, a return spring 74 is placed 
to spring back the helical gear 73 to its original state against the hydraulic pressure from 
this hydraulic pressure space 75. Then, when the force of hydraulic pressure derived from 
the hydraulic pressure space 75 exceeds a specified, the camshaft 72 is designed to revolve 
to the direction to advance the opening and closing timing of the suction valve 9 by shifting 
the helical gear 73 to the axial direction from its original position against the return spring 
74. 

[0034] 

In short, when the helical gear 73 is in its original position, as shown in the upper section 
and the lower section of FIG. 5, the opening and closing timing of the suction valve 9 is 
relatively delayed and when the helical gear 73 changes at maximum, as shown in the 
middle section of FIG. 5, the opening and closing timing of the suction valve relatively 
advances. 

[0035] 

The set hydraulic pressure corresponding to the spring force of the return spring 38 of the 
actuator in the valve lift adjustment mechanism described earlier and the set hydraulic 
pressure corresponding to a spring force of the return spring 74 of the actuator in the valve 
timing adjustment mechanism 70 described above are different from each other. More 
specifically, as shown in FIG. 6, the set hydraulic pressure of the latter valve timing 
adjustment mechanism 70 is designed to be higher than the set hydraulic pressure of the 
former valve lift adjustment mechanism 40. 

[0036] 

The discharging hydraulic pressure from the oil pump 57 is introduced via an axial opening 
78 formed inside of the camshaft 72, an oil gallery 59 formed on a cylinder head 69, an 
orifice 77 and a main gallery 59 formed on a cylinder block 68 to the hydraulic pressure 
space 75. 

[0037] 

An electromagnetic switchover valve 79 is placed on the other end of the camshaft 72 to 
regulate to open or close in accordance with the engine driving conditions to release the 
hydraulic pressure in a timely fashion. When current is not applied, the electromagnetic 
switching over valve 79 is designed to decrease the hydraulic pressure leading to the 
hydraulic pressure space 75 by closing the axial opening 78 as shown in the figure, and on 
the other hand, when current is applied, the electromagnetic switchover valve 79 is 
designed to increase the hydraulic pressure leading to the hydraulic pressure room 74 by 
closing the axial opening 78. 



[0038] 



As means to control the valve lift adjustment mechanism 40 and the valve timing 
adjustment mechanism 70, the control unit 51 is placed to regulate the conduction of the 
electromagnetic switchover valve 45 and the electromagnetic switchover valve 79. 

[0039] 

The engine speed signal, engine load signal, coolant temperature signal, charging pressure 
signal of suction by a supercharger and lubrication oil temperature are input to a control 
unit 51 so that the control unit 51 smoothly switches over the valve lift characteristics 
while suppressing dramatic changes of the engine torque based on the detected data 

[0040] 

The action of the above embodiment is described next. 
[0041] 

FIG. 5 describes the control condition of the valve lift adjustment mechanism 40 and the 
valve timing adjustment mechanism 70 relative to the engine driving conditions. As 
shown in the figure, when the engine speed is high, the valve lift adjustment mechanism 40 
selects the high speed cam 22 to control the valve timing adjustment mechanism 70 to 
delay the opening and closing timing, thereby maximizing the valve overlap. In addition, 
the ON state of the electromagnetic switchover valve 45 of the valve lift adjustment 
mechanism 40 corresponds to the high speed cam 22 and the OFF state corresponds to the 
low speed cam 21. In addition, the ON state and OFF state of the electromagnetic 
switchover valve 79 of the valve timing adjustment mechanism 70 corresponds to the 
delayed position and the advanced position of the opening and closing timing, respectively. 
In short, when the engine speed is high, the electromagnetic switchover valve 45 is in an 
"ON" state and the electromagnetic switchover valve 79 is in an "OFF" state. 

[0042] 

In addition, when the engine speed is low while the load is high, the electromagnetic 
switchover valve 45 becomes OFF and the electromagnetic switchover valve 79 becomes ON 
at the low speed cam 21 as well as the opening and closing timing is advanced. 

[0043] 

Furthermore, when the engine speed is low while the load is low, both electromagnetic 
switchover valves 45 and 79 becomes OFF at the low speed cam 21 as well as the opening 
and closing timing is delayed. 

[0044] 

Such ON/OFF control by the electromagnetic switchover valves 45 and 79 is accomplished 
based on the engine driving condition, namely the engine load and engine speed by 
referring a control map pre-programmed to the above control unit 51. In addition, the 
electromagnetic switchover valve 45 and the electromagnetic switchover valve 79 are 



controlled separated based on the individual control maps. Therefore in the patterns 
roughly classified shown in FIG. 5, it appears that both valves do not turned ON 
simultaneously. However the ON domain is actually overlapped in some parts and it is 
possible for valves to turn ON simultaneously. 

[0045] 

When both of the electromagnetic switchover valve 45 and the electromagnetic switchover 
valve 79 are turned ON, namely when hydraulic pressure is supplied to both of the valve 
lift adjustment mechanism 40 and valve timing adjustment mechanism 70, if the hydraulic 
pressure is excessively decreased by the increased lubrication oil temperature and the like, 
the plungers 33, 31, 34 serving as the actuator of each mechanism and the helical gear 73 
return to its original position by spring force of the return springs 38 and 74 individually to 
switch to the low speed cam 21 side and the delayed side, respectively. 

[0046] 

In this embodiment, as described above, the set hydraulic pressure corresponding to the 
spring force of the return spring 38 of the valve lift adjustment mechanism 40 and the set 
hydraulic pressure corresponding to the spring force of the return spring 74 of the valve 
timing adjustment mechanism 70 are different from each other, and since the latter is 
designed to be higher than the former, when the hydraulic pressure is gradually decreased 
due to the increased lubricating oil temperature and the like, the valve timing adjustment 
mechanism 70 is first switched over to its original state and then the valve lift adjustment 
mechanism 40 is switched to its original state. In short, since two variable valve system 
devices, namely the valve timing adjustment mechanism 70 and the valve lift adjustment 
mechanism 40 are not simultaneously switched over but are rather switched over at 
slightly different timing, the torque fluctuation is mitigated. 

[0047] 

In addition, as the former valve timing adjustment mechanism 70 returns to its original 
state to change the valve lift characteristics, the output of the internal combustion engine is 
suppressed to prevent the lubricating oil from further increasing the hydraulic temperature. 
Furthermore, the decrease in the lubricating oil temperature is facilitated. Therefore, 
when the decreased in the hydraulic oil temperature is caused by decreased hydraulic 
pressure, the hydraulic pressure may recover at the stage when the valve timing 
adjustment mechanism 70 is switched and therefore, the switchover of the valve lift 
adjustment mechanism 40 to its original state may be avoided. Especially, the valve 
timing adjustment mechanism 70 in which the valve lift characteristics change in a 
continuous fashion switches over first to further mitigate the dramatic torque change so 
that the switchover of the valve lift adjustment mechanism 40 in which the torque change 
is relatively large is avoided as much as possible. 

[0048] 

In addition, as described above, by setting the hydraulic pressures corresponding to the 
spring force of the return springs 38 and 74 at different values, the actual actuator are 



switched over in a slightly different timing to avoid decreasing the hydraulic pressure 
temporally by the supply of hydraulic pressure is initiated to both electromagnetic 
switchover valves 45 and 79 at the same time when each electromagnetic switchover valve 
45 and 70 are simultaneously switched from OFF to ON as driving conditions change. 

[0049] 

In addition, FIG. 7 shows an example at the different setting of spring force of the return 
springs 38 and 74 of each actuator. Therefore, each actuator does not instantly complete 
switching over when the set hydraulic pressure is achieved. Instead, for example, the 
plungers 33, 31 and 34 which are subject to the spring force of the return spring 38 start 
shifting at certain hydraulic pressure (switchover initiating hydraulic pressure) and moves 
to the position that the switchover is totally completed at certain hydraulic pressure 
(switchover completion hydraulic pressure) when the hydraulic pressure is increased. 
Similarly, the helical gear 73 that is subject to spring force of the return spring 74 also start 
shifting at certain switchover initiating hydraulic pressure and stops its switchover a 
certain switchover completion hydraulic pressure. In the embodiment, to further clearly 
differentiate the timings of switchover in response to the hydraulic pressure changes of the 
above-mentioned valve lift adjustment mechanism 40 and the valve timing adjustment 
mechanism 70, as shown in FIG. 7, the switchover initiating hydraulic pressure of the valve 
timing adjustment mechanism 70 is designed to be higher than the switchover completion 
hydraulic pressure of the valve lift adjusting switchover 40. Therefore, when the 
hydraulic pressure is lowered, the switchover of the valve lift adjustment mechanism 40 
starts after the valve timing adjustment mechanism 70 completely switches to its original 
state to prevent a dramatic torque change in a more secure manner. 

[0050] 

An embodiment of the invention is described in which it is applied to an internal 
combustion engine having two variable valve system devices on the suction side. However, 
the invention can be also applied to an internal combustion engine have a plural number of 
variable valve system devices. Furthermore, when there are more than three variable 
valve system devices, different hydraulic pressures are set only for the system having the 
possibility that devices will become ON simultaneously under the same driving conditions. 

[0051] 

In addition, the present invention can be similarly applied to a case when the variable 
valve system devices are placed to each of the suction side as well as the exhausting side. 
In this case, by setting the hydraulic pressure of the variable valve system device on the 
exhausting side higher than the hydraulic pressure of the variable valve system device on 
the suction side, the exhausting valve side having less influence on the torque is turned 
OFF first to provide less discomfort to a driver when the hydraulic pressure is decreased. 



[0052] 



[Efficacy of the Invention] 



As described above, in accordance with the present invention, an unexpected torque change 
during driving is mitigated as a plural number of variable valve system devices switch to 
its original stage in a stepwise fashion without simultaneously switching over when 
lubricating oil pressure is excessively lowered. 

[0053] 

In addition, when a plural number of variable valve system device are simultaneously 
switched ON in response to the change in driving condition, the actual timing of the 
hydraulic pressure supply becomes slightly different to avoid decreasing the hydraulic 
pressure. 

[0054] 

Especially, in accordance with the invention described in claim 2, when the hydraulic 
pressure is decreased, the variable valve system device in which the valve lift 
characteristics change in a continuous fashion is switched over in a prioritized manner, and 
the variable valve system device in which the valve lift characteristics change in a stepwise 
fashion is switched later so that the torque changes are further slowly accomplished. In 
addition, the decreased output may recover the hydraulic pressure and the switchover of 
the variable valve system device in which the valve lift characteristics change in a stepwise 
fashion is avoided to the extent possible. 

[0055] 

In addition, in accordance with the invention described in claim 3, the timing of switchover 
of each variable valve system devices become clearly different to prevent the large torque 
change in a more secure manner. 

[0056] 

Especially, as in claim 4, in a system having a mechanism to change the valve lift 
characteristics by switching over between a low speed cam and a high speed cam, drastic 
torque fluctuation is prevented by avoiding the switchover in response to the decreased 
hydraulic pressure of such a mechanism as much as possible. 



[Brief Description of the Drawings] 

FIG.l is a specification of the variable valve system device in accordance with the present 
invention. 

FIG.2 is a larger view of the rocker arm part. 

Similarly, FIG. 3 is a sectional view of the rocker arm part. 

FIG. 4 is a sectional view of the valve timing adjustment mechanism. 

FIG. 5 describes the valve lift characteristics of the embodiment. 

FIG. 6 illustrates the characteristics of the hydraulic pressure corresponding to the engine 
speed and the characteristics of the set hydraulic pressure corresponding to the spring force 
of the return spring. 

FIG. 7 illustrates the characteristics of the examples with different set hydraulic pressures. 

[Symbols] 

38.. .Return spring 

40... Valve lift adjustment mechanism 
45. . .Electromagnetic switchover valve 
51... Control unit 

70... Valve timing adjustment mechanism 
74... Return spring 

79. . .Electromagnetic switchover valve 

(Words under 51 -control unit) 
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Load 
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